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Abstract
The TissueLyser II was used to disrupt animal bones and plant tissue without dry
ice or liquid nitrogen for species identification. Bone fragments of fresh swine (Sus
scrofa) ribs were used. A 521bp fragment of the cyt b locus was analyzed, and the
BLASTn results confirmed that the origin of all the samples was swine (E-value = 0.0).
Bone fragments of bovine, chicken, duck, fish, sheep, and swine were also used to test
the procedure. An approximately 600bp fragment of the COI locus was analyzed, and the
BLASTn results confirmed the origin of all the samples (E-value = 0.0). Fresh plant
samples from NYC and known plant samples with various conditions were used. An
approximately 600bp fragment of the rbcL locus was analyzed, and a combination of
BLASTn, botanical database (NYBG and NYFA) searches, and morphological analysis
were used to determine the species of the samples. Fresh plant samples were successfully
sequenced, while known plant samples with various conditions yielded poor quality
sequencing results.
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Introduction
DNA (deoxyribonucleic acid) is found in almost every cell – human, animal, and
plant. DNA is located in the nucleus (nuclear DNA) and the mitochondria (mitochondrial
DNA). Nuclear DNA is a double helix (Houck & Siegel, 2006). The structure of DNA
was famously revealed by J. D. Watson and F. H. C. Crick in 1953. They described it as,
“two helical chains each coiled round the same axis” (Watson & Crick, 1953). Many
describe the structure of DNA as a ladder or a spiral staircase. The poles of the ladder
represent the sugar-phosphate backbone, where the sugar is deoxyribose. The rungs of the
ladder represent the bases, or nucleotides: adenine (A), cytosine (C), guanine (G), and
thymine (T). Adenine binds to thymine, and cytosine binds to guanine. A person’s
genetic code is determined by the order of these nucleotides. Nuclear DNA forms genes,
and genes form chromosomes. Each human cell has 46 chromosomes, or 23 pairs of
chromosomes. One set of chromosomes comes from an individual’s mother, and the other
set comes from the father (Houck & Siegel, 2006). This makes nuclear DNA unique to
each individual, with the exception of identical twins (Butler, 2012).
Mitochondrial DNA (mtDNA) differs from nuclear DNA in many ways. mtDNA
is circular (Butler, 2012) (Houck & Siegel, 2006). mtDNA is composed of 16,569 base
pairs (bp), whereas nuclear DNA is composed of 3.2 billion base pairs (Butler, 2012).
Although mtDNA contains less genetic information than nuclear DNA, there are
hundreds to thousands of copies of mtDNA in each cell (Butler, 2012) (Houck & Siegel,
2006). All mtDNA comes from an individual’s mother. Therefore, mtDNA is not unique
to the individual. Instead, all maternal relatives share the same mtDNA (Butler, 2012)
(Houck & Siegel, 2006).
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In 1984, Alec Jeffreys discovered DNA typing. Jeffreys observed repeating base
sequences in non-coding genes and noted differences in the number of repeats from
person to person. Jeffreys called them hypervariable regions (Jeffreys, Wilson, & Thein,
1985) (Houck & Siegel, 2006). Jeffreys developed a method to detect hypervariable
regions, referred to as restriction fragment length polymorphism (RFLP) analysis. RFLP
analysis isolates and displays hypervariable regions, allowing for known and unknown
DNA samples to be compared and probabilities to be calculated. RFLP later became
known as “DNA fingerprinting” (Houck & Siegel, 2006).
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Human DNA Testing
DNA typing has since grown. There are multiple modalities that may be used in a
number of applications. In medicine, DNA typing can be used to diagnose diseases and
disorders. The judicial system can use DNA typing to establish paternity in child support
and custody cases. In forensic science, DNA typing can be used to link suspects to
evidence (Saad, 2005). DNA typing can also identify individuals from crimes, mass
disasters, and military conflicts (Edson, Ross, Coble, Parsons, & Barritt, 2004) (Saad,
2005).
Forensic laboratories use DNA typing to identify individuals (Edson, Ross, Coble,
Parsons, & Barritt, 2004) (Gill, 2006). For example, DNA typing was used to identify the
victims of September 11, 2001. Nonclotted blood, deep muscle tissue, bones, and teeth
were used for victim identification (Gill, 2006). Another example is the identification of
service members from past and present military conflicts. Typically, cases from current
day conflicts use fresh tissue and bone samples for DNA analysis, while cases from past
conflicts use dried skeletal remains (Edson, Ross, Coble, Parsons, & Barritt, 2004).
Soft tissue, like muscle tissue, is time-sensitive due to decomposition (Prinz, et
al., 2007). During decomposition, autolysis and putrefaction break down cells and soft
tissue (Thakar, Joshi, Shrivastava, Raina, & Lalwani, 2019). Therefore, soft tissue can be
collected from human remains that are not decomposed (Prinz, et al., 2007). Deep muscle
tissue is best for DNA analysis. (Gill, 2006) (Prinz, et al., 2007). Deep muscle tissue is
protected by the skin, which results in a delay in decomposition and less surface
contamination (Pittner, et al., 2016). Usually, 1g of deep muscle tissue is needed for
DNA analysis (Prinz, et al., 2007).
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Hard tissue, like bones and teeth, are less time-sensitive. Hard tissue can be
collected from decomposed human remains (Prinz, et al., 2007). There are two types of
bone: cortical bone and cancellous bone. Cortical bone, or compact bone, is dense. It
provides support and protection, allowing bone to withstand compressive forces.
Cancellous bone, or spongy bone, has open spaces that make bone lighter. It provides
strength, allowing shifts in weight distribution (Betts, et al., 2017) (Walker, 2020).
Weight-baring long bones, like femora and tibiae, are best for DNA analysis (Edson,
Ross, Coble, Parsons, & Barritt, 2004). These are mostly cortical bone (Betts, et al.,
2017). Usually, less than 10g of bone is needed for DNA analysis (Prinz, et al., 2007).
Degradation causes DNA strands to fragment, or break into small pieces. Certain
chemicals, heat, light, and humidity can degrade DNA. The presence of bacteria and
fungi can also accelerate DNA degradation. (Houck & Siegel, 2006). Since mtDNA is
circular, it is less susceptible to degradation. In addition, there are hundreds to thousands
of copies of mtDNA in each cell (Butler, 2012) (Houck & Siegel, 2006). Therefore,
bones and teeth can be analyzed using mtDNA analysis (Edson, Ross, Coble, Parsons, &
Barritt, 2004). Polymerase chain reaction (PCR) amplification, which makes many copies
of a target DNA sequence, aids in mtDNA analysis (Butler, 2012).
In 1981, human mtDNA was sequenced for the first time (Anderson, et al., 1981).
This sequence is referred to as the Anderson Sequence or the Cambridge Reference
Sequence (CRS). In 1999, the CRS was re-sequenced and became known as the revised
Cambridge Reference Sequence (rCRS). Today, the rCRS is used as a reference sequence
for mtDNA analysis. mtDNA sequences are compared to the rCRS, and the differences
are reported. Most differences, or polymorphisms, occur within a 1,122bp non-coding
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region referred to as the Control Region. The Control Region consists of three
hypervariable regions: HVI, HVII, and HVIII. Many forensic studies focus on these
hypervariable regions and their differences between individuals (Butler, 2012).
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Animal DNA Testing
DNA typing also has a number of non-human applications. Swine (Sus scrofa)
bones are useful for simulating human bones (Bernal, Centauro, Akerman, Kong, & Li,
2019). However, there are other reasons for performing testing on animal bones.
When a bone is discovered (i.e., in a mass grave), it must be determined whether
it is a human bone or an animal bone (Butler, 2012) (Houck & Siegel, 2006). Bear paws,
pig bones, and some sheep bones can look similar to human bones (Houck & Siegel,
2006). In addition, highly fragmented bones may be indistinguishable between species. In
some cases, only general discrimination is needed between human and non-human bones.
If non-human, these cases are not investigated further. In other cases, the exact species
can be important (Parson, Pegoraro, Niederstatter, Foger, & Steinlechner, 2000). For
these cases, mtDNA can used to test for species identification (Butler, 2012).
The cytochrome b (cyt b) gene is located within the mtDNA genome outside of
the Control Region. This gene is effective in species identification, because it contains
species-specific information (Butler, 2012) (Parson, Pegoraro, Niederstatter, Foger, &
Steinlechner, 2000). In addition, it is widely represented in nucleotide databases. Parson
et al. (2000) sequenced a 358bp fragment of the cyt b locus in 44 different animal species,
including amphibians, birds, fish, mammals, and reptiles. The authors aimed to reidentify these species using the nucleotide databases. All species were re-identified at the
level of the vertebrate class and sometimes at the species level (Parson, Pegoraro,
Niederstatter, Foger, & Steinlechner, 2000).
The cytochrome c oxidase 1 (COI) gene is also located within the mtDNA
genome outside of the Control Region. Similar to the cyt b gene, the COI gene can also
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be used in species identification, and it is widely represented in databases. The
International Barcode of Life Project sequences a 648bp fragment of the COI locus to
“barcode” animals and then uploads the sequences to the Barcode of Life Data Systems
(BOLD) database (Butler, 2012) (International Barcode of Life Consortium, 2020).
Other reasons for performing testing on animal bones includes domestic animal
and wildlife animal DNA testing. Domestic animal DNA testing may play a role in civil
and criminal cases. Domestic animals, like cats and dogs, may link suspects to crime
scenes. Cases may involve animal abuse, attack, or theft. Other domesticated animals,
like cattle, pigs, and sheep, may be tested to track the source of tainted meat products
(i.e., mad cow disease) (Butler, 2012).
Wildlife DNA testing may also play a role in civil and criminal cases (Butler,
2012). However, it is a specialized field of study. Cases may involve exploitation or
illegal trade of endangered species. Similar to domesticated animals, meat products can
be tested for wildlife DNA to identify if they were illegally obtained from endangered
species or poaching (Butler, 2012) (Linacre & Tobe, 2013) (Ogden, 2010).
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Plant DNA Testing
Another non-human application of DNA typing is plant DNA testing. Plants, like
domestic animals, may also link suspects to crime scenes. This is especially true for rare
plants (Butler, 2012). In 1992, plant DNA made its debut in court in the State of Arizona
v. Bogan. A woman’s body was found under a Palo Verde tree, and seed pods were found
in the back of the suspect’s truck. DNA testing found that the Palo Verde trees in the area
had unique sequences. It also found that the seed pods matched the tree that the woman
was found under, thereby linking the suspect to the crime scene. As a result, Bogan (the
suspect) was convicted of first-degree murder (Iyengar & Hadi, 2014).
Unlike humans and animals, plants have plastids. Plant chloroplasts belong to the
plastid family. Chloroplasts contain the green pigment chlorophyll and are sites of
photosynthesis. Chloroplasts also contain DNA (chloroplast DNA), which is similar to
mtDNA in that it is circular and present in multiple copies per cell (Campbell & Reece,
2002). In 1986, the first chloroplast genome (cp-genome) was sequenced (Li, et al.,
2015). Although challenging, chloroplast DNA may be used for species identification in
plants (Hollingsworth, Graham, & Little, 2011) (Iyengar & Hadi, 2014) (Li, et al., 2015).
rbcL and matK are the best markers for species identification in plants (Iyengar &
Hadi, 2014) (Li, et al., 2015). The rbcL gene is located within the plastid genome. It is
599bp in length (Hollingsworth, Graham, & Little, 2011). This gene is easy to amplify,
and despite low discriminatory power, it is widely used and has over 50,000 sequences in
GenBank (Hollingsworth, Graham, & Little, 2011) (Li, et al., 2015).
The matK gene is also located within the plastid genome. It is 841bp in length
(Hollingsworth, Graham, & Little, 2011). This gene is difficult to amplify, but it has high
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discriminatory power (Hollingsworth, Graham, & Little, 2011) (Li, et al., 2015). For best
results, rbcL and matK should both be used for species identification. When used
together, they provide higher discrimination power (Hollingsworth, Graham, & Little,
2011). However, the discrimination power is not as high as that in animal DNA testing.
There is still much work to be done in this field of study (Li, et al., 2015).
Plant DNA can also be used to identify marijuana (Cannabis sativa) and its
source in drug investigations. It may link samples to individuals or growers, and it may
aid in tracking drug distribution networks. This is most effective when marijuana plants
are propagated by seed. If the plants are propagated clonally, or through cuttings, they
will have identical DNA, like identical twins in humans (Butler, 2012) (Iyengar & Hadi,
2014).
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TissueLyser II
The protocols for DNA testing in humans, animals, and plants are all different.
However, they all follow the same basic flow: sample collection, extraction,
amplification, and separation/detection (Butler, 2012). This study focuses on the
extraction step. The purpose of this study focuses on the application of a bead-milling
instrument. This bead-milling instrument, the TissueLyser II, is versatile enough to be
used in DNA testing in humans, animals, and plants (QIAGEN, 2010a) (QIAGEN,
2016b).
The TissueLyser II shakes beads and samples together to achieve disruption and
homogenization in one step. Disruption releases nucleic acids from the sample. This is
achieved by disrupting the cell walls and plasma membranes of cells and organelles. Poor
disruption can cause clogging of magnetic particles and silica membranes, resulting in
lower DNA and RNA yields. A more traditional disruption method uses a mortar and
pestle. This, however, does not result in efficient homogenization of a sample (QIAGEN,
2010a) (QIAGEN, 2016b).
Homogenization results in shearing of high molecular weight cellular
carbohydrates and proteins. This reduces the viscosity of the cell lysate. Poor
homogenization can reduce binding of nucleic acids to magnetic particles and silica
membranes, resulting in lower DNA and RNA yields (QIAGEN, 2010a).
The TissueLyser II has Adapter Set and Grinding Jar Set accessories. The Adapter
Set 2 x 96 holds 1.2ml tubes and is able to process 192 samples per run. 3mm diameter
tungsten carbide beads and 5mm stainless steel beads are available for this set. The
Adapter Set 2 x 24 holds 2ml microcentrifuge tubes and is able to process 48 samples per
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run. 3mm tungsten carbide beads, 5mm stainless steel beads, and 7mm stainless steel
beads are available for this set. The Grinding Jar Set processes 2 large samples per run.
Stainless steel and Teflon balls are available for this set (QIAGEN, 2010a) (QIAGEN,
2016b).
The configuration of the TissueLyser II influences the disruption and
homogenization of a sample. The TissueLyser II can run for 10 seconds to 99 minutes at
3 to 30 Hertz (180 to 1,800 oscillations per minute). Samples closest to the TissueLyser II
move slower, therefore, this should be accomplished in two shaking steps. Operators
should perform the first shaking step, rotate the tubes, and then perform the second
shaking step (QIAGEN, 2010a) (QIAGEN, 2016b).
The use of lysis buffer (or lack thereof) may also influence disruption and
homogenization of a sample. Samples can be precooled on dry ice then disrupted and
homogenized without lysis buffer. Similarly, Adapter Sets can be precooled at -80°C for
2 hours, or the Grinding Jar can be frozen in liquid nitrogen. Alternatively, samples can
be disrupted and homogenized in lysis buffer at room temperature (QIAGEN, 2010a).
Besides disruption and homogenization in one step, another advantage of the
TissueLyser II is the low chance of cross-contamination. Tubes are securely sealed
during disruption. In addition, tubes can be discarded after use; they do not need to be
cleaned. This also prevents cross-contamination (QIAGEN, 2016b). More traditional
disruption methods, like using a blender (i.e. a Waring MC2 blender cup) or a mortar and
pestle, require cleaning after disrupting samples (Edson, Ross, Coble, Parsons, & Barritt,
2004).
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TissueLyser II Protocols
QIAGEN is the distributor of the TissueLyser II. As such, they provide multiple
protocols for operators. For human and animal tissues, they recommend using the
following equipment and reagents: Adapter Set 2 x 24, one 5mm stainless steel bead, and
lysis buffer. For this protocol, QIAGEN suggests operating the TissueLyser II for 20
seconds at 15 Hertz. The company warns that exceeding this time and intensity may lead
to significant fragmentation of genomic DNA (QIAGEN, 2010a).
In a supplementary protocol for bones and teeth, QIAGEN suggests the following
equipment and reagents: Grinding Jar Set, stainless steel ball, and liquid nitrogen. For this
protocol, QIAGEN suggests operating the TissueLyser II for 1 minute at 30 Hertz. The
company notes that grinding times may vary depending on the condition, size, and type
of fragments (QIAGEN, 2012). A user-developed protocol for bones suggests the same
parameters as the supplementary protocol (QIAGEN, 2010b).
For plant tissues, QIAGEN suggests using the following equipment and reagents:
Adapter Set 2 x 24 or 2 x 96, one 3mm tungsten carbide bead, lysis buffer (if processing
fresh tissues at room temperature), and/or dry ice (if processing fresh or frozen tissues
without lysis buffer). If using dry ice, the samples require precooling on dry ice and the
Adapter Set should be precooled at -80°C for 2 hours. For this protocol (called the mini
protocol), QIAGEN suggests operating the TissueLyser II for 1 minute at 25 Hertz,
rotating the tubes, and operating the TissueLyser II for another 1 minute at 25 Hertz. The
company notes that using lysis buffer yields better DNA for PCR (QIAGEN, 2010a).
QIAGEN also provides a maxi protocol for plant tissues. QIAGEN suggests using
the following equipment and reagents: Grinding Jar Set, stainless steel ball, lysis buffer
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(if processing fresh tissues at room temperature), and/or liquid nitrogen (if processing
fresh or frozen tissues without lysis buffer). If liquid nitrogen is used, the Grinding Jar
Set requires freezing in liquid nitrogen for 1 minute. For this protocol, QIAGEN suggests
operating the TissueLyser II for 1 minute at 30 Hertz. As above, the company notes that
using lysis buffer yields better DNA for PCR. In addition, using liquid nitrogen yields
higher molecular weight DNA (QIAGEN, 2010a).
QIAGEN’s supplementary protocol for bones and teeth (QIAGEN, 2012), userdeveloped protocol for bones (QIAGEN, 2010b), and mini and maxi protocols for plant
tissues (QIAGEN, 2010a) all employ dry ice or liquid nitrogen. Other bone protocols,
like those done by Pedersen, Williams, Watt, & Ronis (2019) and Pietschmann, et al.
(2014) also require dry ice or liquid nitrogen. In order to isolate RNA from bones,
Pedersen, Williams, Watt, & Ronis (2019) used dry ice and operated the TissueLyser II
for 2 to 4 minutes at 30 Hertz. Pietschmann, et al. (2014) used liquid nitrogen and
operated the TissueLyser II for 1 minute at 20 Hertz to isolate protein in bones.
Heat generated from disruption can affect the quality and quantity of DNA.
Therefore, dry ice and liquid nitrogen are used to keep equipment and samples cold
(Colon, Hernandez, Candelario, Melendez, & Cruz, 2018). While dry ice and liquid
nitrogen have this benefit, they can also cause much harm to the operator. Dry ice causes
serious burns, and liquid nitrogen causes tissue damage. In addition, inhalation of gas due
to boil off or spills can lead to asphyxiation in poorly ventilated areas (National Research
Council, 2011). For these reasons, a decision was made to not use dry ice or liquid
nitrogen in this study. A bone protocol by De-Ugarte, et al. (2015) does not use dry ice or
liquid nitrogen. To isolate RNA in bones, the authors operated the TissueLyser II for 5
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minutes (De-Ugarte, et al., 2015). Their work prompted the usage of the TissueLyser II
on animal bones to isolate DNA without dry ice or liquid nitrogen in this study.
Then, the focus of this study shifted to plant DNA. Vincelli & Amsden (2013)
compared DNA yields from various types of plant tissue disruption methods. One of
these methods employed the Mini-BeadBeater-1. This protocol required liquid nitrogen
and operated the Mini-BeadBeater-1 for 30 seconds at 2,500 rpm for squash roots and 40
seconds at 4,200 rpm for oak petioles. The authors found that bead-beating (or beadmilling) provided the best overall results of the multiple methods (Vincelli & Amsden,
2013). Their work prompted the usage of the TissueLyser II on plants to isolate DNA
without dry ice or liquid nitrogen in this study.
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Chapter 1: Species Identification of Animals
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Materials and Methods
Sample Preparation
Bone fragments of fresh swine (Sus scrofa) ribs were used in this study. Soft
tissue on the bone surface was removed using a razor and sandpaper. Bone fragments
were then dissected using a Dremel rotary tool. Bone fragments were cleaned using a
similar protocol to Davoren, et al. (2007). Bone fragments were serially inverted for 30
seconds in 50ml of distilled water, 50ml of 0.5% sodium hypochloride (bleach), and 50ml
of 96% ethanol. Then, bone fragments were air dried and stored at -20°C.

Tissue Disruption
Bone fragments of approximately 0.1g were used for most experiments. Each
bone fragment was placed in a 2ml flat-bottomed microcentrifuge tube with one 5mm
stainless steel bead. The tubes were placed in an Adapter Set 2 x 24 and loaded onto the
TissueLyser II (QIAGEN). Bone fragments were disrupted for an initial 20 minutes at 30
Hertz. The tubes were examined and then rotated. Additional 10-minute disruption cycles
were applied, as needed. The total length of the tissue disruption was 20 minutes for
cancellous bone fragments, 30 minutes for bone fragments containing both cancellous
and cortical bone, and longer than 40 minutes for cortical bone fragments. The stainlesssteel beads were removed after the disruption process was finished.

Extraction
Bone powder was demineralized using a similar protocol to Loreille, Diegoli,
Irwin, Coble, & Parsons (2007). Bone powder was incubated overnight in 1.6ml of
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extraction buffer (0.5M EDTA, 1% lauryl-sarcosinate; Fisher Scientific, Waltham, MA)
and 200µl of Proteinase K (20mg/ml; Fisher Scientific, Waltham, MA) at 56°C with
gentle agitation in a Little Shot III Hybridization Oven (Boekel Scientific). Samples were
concentrated to approximately 200µl using Microconâ centrifugal filter devices with
Ultracelâ YM-100 membranes (Millipore, 2005) and Amiconâ Ultra-15 centrifugal filter
devices (30K) (Millipore, 2012).
Samples were extracted using a similar protocol to the QIAampâ DNA Micro Kit
“Isolation of Genomic DNA from Tissues” protocol (QIAGEN, 2014). A 200µL aliquot
of Buffer AL was added to each sample. Then, a 200µL aliquot of 96% ethanol was
added to each sample, and they were incubated for 5 minutes at room temperature. The
entire lysate was transferred to a QIAamp MinElute column, and they were centrifuged at
6000 x g (8000 rpm) for 1 minute. The QIAamp MinElute columns were placed in clean
2ml collection tubes. Then, a 500µL aliquot of Buffer AW1 was added to each sample,
and they were centrifuged at 6000 x g (8000 rpm) for 1 minute. The QIAamp MinElute
columns were placed in clean 2ml collection tubes. Then, a 500µL aliquot of Buffer
AW2 was added to each sample, and they were centrifuged at 6000 x g (8000 rpm) for 1
minute. The QIAamp MinElute columns were placed in clean 2ml collection tubes. Then,
the samples were centrifuged at full speed (20,000 x g; 14,000 rpm) for 3 minutes to dry
the membrane. The QIAamp MinElute columns were placed in clean 1.5ml
microcentrifuge tubes. A 50µl aliquot of Buffer AE was added to the center of each
membrane, and they were incubated for 1 minute at room temperature. The samples were
centrifuged at full speed for 1 minute. The final volume of eluted DNA was 50µl.
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PCR Amplification
PCR amplification of the cyt b gene was carried out using a similar protocol to
Steadman, DiAntonio, Wilson, Sheridan, & Tammariello (2006). The total reaction
volume was 25µl, containing 1.5µl of DNA, 1µl of cyt b forward primer (5’-TCA CAC
GAT TCT TCG CCT TCC ACT-3’), 1µl of cyt b reverse primer (5’-TGA TGA ACG
GGT GTT CTA CGG GTT-3’), 9µl of distilled water, and 12.5µl of AmpliTaq Gold 360
PCR Master Mix. PCR amplification was carried out under the following cycle
parameters: an initial step (11 minutes at 95°C) followed by 34 cycles (denaturing, 30
seconds at 94°C; annealing, 30 seconds at 50°C; and extending, 30 seconds at 72°C).

Sequencing, Editing, Alignment, and BLASTn Searching of Swine
Amplified samples were examined by electrophoresis on a 1% agarose gel with
ethidium bromide. A 100bp ladder was used to estimate the yields of the amplification.
Amplified samples were then sent to GENEWIZ (South Plainfield, NJ) for post-PCR
clean up and Sanger sequencing. FinchTV 1.5 chromatogram viewer was used to
visualize, trim, and edit the sequence files. The 5’ and 3’ ends were trimmed until the
first ten bases contained less than one base with a Quality Value (QV) score below 25.
Sequence alignment and contig assembly were achieved using BioEdit 7.2 software. The
contig sequences were searched using the Nucleotide BLAST (BLASTn) online database
to identify the origin of species.
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Species Identification of Other Animals
Bone fragments of additional animals were used in this study: bovine, sheep, and
swine ribs; chicken and duck legs; and fish vertebral columns. The samples were known
prior to testing. Sample preparation, tissue disruption, and extraction were performed the
same as for the swine bone fragments.
PCR amplification of the COI gene was carried out using the following primers:
vertebrate forward primer (5'-TCT CAA CCA ACC ACA AAG ACA TTG G-3'),
vertebrate reverse primer (5'-TAG ACT TCT GGG TGG CCR AAR AAY CA-3'), fish
forward primer (5'-CAA CCA ACC ACA AAG ACA TTG GCA C-3'), and fish reverse
primer (5'-ACT TCA GGG TGA CCG AAG AAT CAG AA-3'). PCR amplification was
carried out under the following cycle parameters: an initial step (1 minute at 94°C)
followed by 35 cycles (denaturing, 15 seconds at 94°C; annealing, 15 seconds at 54°C;
and extending, 30 seconds at 72°C). Then, sequencing, editing, alignment, and BLASTn
searching was performed the same as for the swine bone fragments.
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Results and Discussion
Establishing a Disruption Method
Swine (Sus scrofa) bones were used in this study, because they are useful for
simulating various animal bones. Swine rib bones (Fig. 1.1) containing primarily cortical
bone were dissected into fragments, approximately 0.1g. Each fragment was placed in a
2ml microcentrifuge tube with one 5mm stainless steel bead. The tubes were placed in an
Adapter Set 2 x 24 and loaded onto the TissueLyser II (Fig. 1.2). Bone fragments were
disrupted for 20 seconds (QIAGEN, 2010a), 1 minute (QIAGEN, 2012) (Pietschmann, et
al., 2014), 5 minutes (De-Ugarte, et al., 2015), and 20 minutes at 30 Hertz. Creation of
bone powder was not observed after 20 seconds, 1 minute, or 5 minutes of disruption.
Creation of some bone powder was observed after 20 minutes of disruption. It was
suspected that the bone fragments needed longer time. Therefore, the disruption time was
increased in the following experiments.
Swine rib bone fragments, approximately 0.1g, were used again. Each fragment
was placed in a 2ml microcentrifuge tube with one 5mm stainless steel bead. The tubes
were placed in an Adapter Set 2 x 24 and loaded onto the TissueLyser II. Bone fragments
were disrupted for 20 minutes, 40 minutes, and 1 hour at 30 Hertz. Creation of some bone
powder was observed after 20 minutes of disruption. More bone powder was observed
after 40 minutes of disruption compared to that of the 20-minute disruption. The amount
of bone powder observed after 1 hour of disruption was slightly more compared to that of
the 40-minute disruption. As a result, the disruption conditions were determined and
described in the Materials and Methods section.
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It was suspected that the shape of the 2ml microcentrifuge tube was hindering
disruption; the bone fragment and/or 5mm stainless steel bead would sometimes get stuck
in the conical tip of the microcentrifuge tube. The results showed that the 2ml flatbottomed microcentrifuge tubes facilitated the disruption process (Fig. 1.2). It was also
suspected that liquid could help with disruption by keeping the bone fragments “cool”
during these increased disruption times. Therefore, the use of distilled water was tested
within the tube. The color of the distilled water changed from clear to tan after disruption,
suggesting the presence of some bone powder. However, the creation of bone powder
was difficult to visualize with distilled water. Therefore, the water-based disruption was
not used further.
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Fig. 1.1. Typical bone fragment investigated in this study. A fragment of swine rib bone
is shown.
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Fig. 1.2. Bone disruption device and accessories. From top left: 2ml flat-bottomed
microcentrifuge tube with one 5mm stainless steel ball, open Adapter Set 2 x 24 (top
view), closed Adapter Set 2 x 24 (side view), and the TissueLyser II.
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Applying the Disruption Method on Cancellous and Cortical Bones
The disruption method was tested on different types of bone. Swine bone
fragments containing cancellous, cortical, and both cancellous and cortical bones were
tested using the disruption procedure described in Materials and Methods. Fig. 1.3 shows
the effect of disruption on different types of bone. After disruption, the cancellous bone
fragment easily broke down into bone powder; the bone fragment with both cancellous
and cortical bone partially broke down into bone powder; and the cortical bone fragment
barely broke down into bone powder. Therefore, a conclusion may be drawn that this
disruption method is more effective on cancellous bones rather than on cortical bones.
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Fig. 1.3. Light microscopic observations of disrupted samples. A) Cancellous bone
sample, B) cancellous and cortical bone sample, and C) cortical bone sample. A stainlesssteel bead is also shown.
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Quality of DNA Isolated from Disrupted Bone Samples
Multiple swine bone samples were tested to evaluate the quality of DNA obtained
from this disruption method. Swine bone samples were disrupted and DNA was extracted
(see Materials and Methods). Species identification using mtDNA analysis was
performed. The cyt b gene is commonly used in animal species identification. Therefore,
a 521bp fragment of the cyt b locus was analyzed in this study. Fig. 1.4 shows successful
amplification, represented as a single band in all samples tested. This indicates that a
sufficient amount of DNA template was present, and all amplified samples yielded a
sufficient amount of PCR product for subsequent Sanger sequencing. The negative
control does not show presence of a band. Amplified fragments at the cyt b locus from six
bone samples were further analyzed by Sanger sequencing. Fig. 1.5 shows typical
electropherograms of the sequencing results. No adverse effect on sequencing was
observed. The sequences were then searched in the BLASTn database, confirming the
origin of all the samples was swine (E-value = 0.0).
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Fig. 1.4. Agarose gel electrophoresis of the mtDNA cyt b amplicons. Lane 1: 100bp
ladder; Lane 2: negative control; and Lane 3-9: swine bone samples.
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Fig. 1.5. Chromatograms of Sanger sequencing electropherograms. DNA analysis using
direct sequencing of the cyt b amplicons of swine bone samples. The electropherograms
of sequencing using A) the forward primer and B) the reverse primer.
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Applying the Disruption Method on Species Identification
The disruption method was tested on additional bone samples. Bone samples
included bovine, chicken, duck, fish, sheep, and swine. The International Barcode of Life
Project uses the COI gene in animal species identification. Therefore, an approximately
600bp fragment of the COI locus was analyzed in this study. Amplified fragments at the
COI locus were further analyzed by Sanger sequencing. The sequences were then
searched in the BLASTn database.
BLASTn results provide a list of sequences in the database that are similar to the
sequence in question, or query. Each sequence in the database is assigned max score,
total score, query coverage, E value, and percent ident values. The max score is the
highest alignment score; the total score is the total alignment score; the query coverage is
the percent of the query covered by alignment to the database sequence; the E value, or
Expect value, is the lowest alignment from the database sequence; and the percent ident
is the highest percent identity of query-subject alignments (National Center for
Biotechnology Information [NCBI], 2016). Table 1.1 shows the results of the BLASTn
search, confirming the origin of the bovine, chicken, duck, fish, sheep, and swine bone
samples (E-value = 0.0).
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Table 1.1. Summary of the species identification results at the COI locus using BLASTn
of vertebrate samples
Sample

Species
Identified

Bovine
Swine
Chicken
Duck
Sheep
Fish

Bos taurus
Sus scrofa
Gallus gallus
Anas platyrhynchos
Ovis aries
Lutjanus peru

Alignment
Length
(bp)
666
667
678
662
672
642

Score
1230
1229
1253
1223
1240
1181

Query
Cover
(%)
100
100
100
100
99
100

E
Value
0
0
0
0
0
0

Per.
Ident
(%)
100
100
100
100
100
99.84
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Conclusion
The goal of this study was to use the TissueLyser II on animal bones to isolate
DNA without dry ice or liquid nitrogen. In accomplishing this goal, this study contributes
to the field of forensic science in two major ways.
First, it serves as a modified extraction protocol. The TissueLyser II can be used
instead of more traditional disruption methods, like a blender or mortar and pestle. As
mentioned, dry ice and liquid nitrogen can cause much harm to the operator. Therefore,
omitting dry ice and liquid nitrogen is safer. Additionally, omitting dry ice and liquid
nitrogen may allow laboratories without access to these chemicals to perform DNA
testing.
Additional advantages of using the TissueLyser II include the ability to process
multiple samples simultaneously with a low chance of cross-contamination. Only six
samples were processed at a time in this study, however, the Adapter Set 2 x 24 can
process 48 samples at a time. Although disruption times were significant (20 minutes or
longer), it could save time to process 48 samples simultaneously instead of one at a time.
In addition, tubes can be discarded after use; they do not need to be cleaned. This saves
time and reduces the risk of contamination.
The second and perhaps the most important way this study contributes to the field
of forensic science involves the quality of the isolated DNA. As mentioned, the creation
of bone powder was not observed until 20 minutes of disruption. Even then, some bone
fragments needed longer time. A concern that arose from the significant disruption times
was whether the DNA would be too fragmented to analyze. Heat generated from
disruption can affect the quality and quantity of DNA, which is why dry ice and liquid
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nitrogen are used to keep equipment and samples cold (Colon, Hernandez, Candelario,
Melendez, & Cruz, 2018). In addition, QIAGEN (2010a) warns that exceeding their
suggested disruption time may lead to significant fragmentation of DNA. However, this
did not happen. Amplified fragments at the cyt b locus from six swine bone samples and
amplified fragments at the COI locus from six species (bovine, chicken, duck, fish, sheep,
and swine) were successfully analyzed by Sanger sequencing. This suggests that the
DNA was not fragmented. Dispite the significant disruption times, the recovery of DNA
appeared to be minimally impacted.
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Future Studies
Colon, Hernandez, Candelario, Melendez & Cruz (2018) compared human bones
disrupted with blender cups to bones disrupted with a freezer mill (which uses liquid
nitrogen). They reported no significant differences (Colon, Hernandez, Candelario,
Melendez, & Cruz, 2018). Similarly, future studies may include comparing animal bones
disrupted with blender cups to bones disrupted with the TissueLyser II (with or without
dry ice or liquid nitrogen).
Sakalar, Abasiyanik, Bektik & Tayyrov (2012) studied the effect of heat
processing on beef, chicken, and pork muscle tissue. They reported declined
amplification rates after baking and boiling samples (Sakalar, Abasiyanik, Bektik, &
Tayyrov, 2012). Similarly, future studies may include the effect of heat processing on
animal bones. Then, they can be disrupted with blender cups or the TissueLyser II (with
or without dry ice or liquid nitrogen).
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Chapter 2: Species Identification of Plants
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Materials and Methods
Sample Preparation and Tissue Disruption
Twenty-three terrestrial plants with a height of less than one foot tall were
randomly selected and photographed in this study. Additionally, known plant samples
with various conditions were collected and prepared: the wilting leaves of Astilbe taquetii
were prepared by leaving them at room temperature for 3-7 days; Crocus sativus samples
were dried using a herbarium-press with blotting paper for approximately two weeks; and
the dead leaves of Smilax glauca were collected in the fields. One sampling of each plant
was cleaned using 96% ethanol. Approximately 1cm2 of plant leaf was dissected for
tissue disruption. Each sample was placed in a 2ml flat-bottomed microcentrifuge tube
with one 5mm stainless steel bead. The tubes were placed in an Adapter Set 2 x 24 and
loaded onto the TissueLyser II (QIAGEN). Samples were disrupted with 200-300µl of
Buffer AP1 (DNeasy Plant Mini Kit, QIAGEN) for an initial 1 minute at 25 Hertz. The
tubes were examined and then rotated. Additional 1-minute disruption cycles were
applied, as needed. The stainless-steel beads were removed after the disruption process
was finished. Additional Buffer AP1 was added to a final volume of 400µl, and the
samples were incubated for 10 minutes at 65°C.

DNA Extraction and Amplification
Samples were extracted using a similar protocol to the QIAGEN “DNeasyâ Plant
Mini Kit” protocol (QIAGEN, 2016a). A 130µl aliquot of Buffer P3 was added to each
sample, and they were incubated for 5 minutes on ice. The lysate was centrifuged at
20,000 x g (14,000 rpm) for 5 minutes. The entire lysate was transferred to a
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QIAshredder spin column, and they were centrifuged at 20,000 x g (14,000 rpm) for 2
minutes. The flow-through was transferred to a new tube without disturbing the pellet.
Buffer AW1 (1.5 volumes) was added to each sample. A 650µl aliquot of each sample
was transferred to a DNeasy Mini spin column, and they were centrifuged at >6,000 x g
(>8,000 rpm) for 1 minute. The remaining sample was transferred, and they were
centrifuged at >6,000 x g (>8,000 rpm) for 1 minute. The DNeasy Mini spin columns
were placed in clean 2ml collection tubes. A 500µl aliquot of Buffer AW2 was added to
each sample, and they were centrifuged at >6,000 x g (>8,000 rpm) for 1 minute. Another
500µl aliquot of Buffer AW2 was added to each sample, and they were centrifuged at
20,000 x g (14,000 rpm) for 2 minutes. The DNeasy Mini spin columns were placed in
clean 1.5ml microcentrifuge tubes. A 100µl aliquot of Buffer AE was added to the center
of each membrane, and they were incubated for 5 minutes at room temperature. The
samples were centrifuged at >6,000 x g (>8,000 rpm) for 1 minute. The final volume of
eluted DNA was 100µl.
PCR amplification of the rbcL locus was carried out using the illustra™ puReTaq
Ready-To-Go PCR Beads (GE Healthcare) and the following primers: forward primer
(5’- ATG TCA CCA CAA ACA GAG ACT AAA GC-3’) and reverse primer (5’- GTA
AAA TCA AGT CCA CCR CG-3’). PCR amplification was carried out under the
following cycle parameters: an initial step (1 minute at 94°C) followed by 35 cycles
(denaturing, 15 seconds at 94°C; annealing, 15 seconds at 54°C; and extending, 30
seconds at 72°C).
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Sequencing, Editing, Alignment, and BLASTn Searching
Amplified samples were examined by electrophoresis on a 1% agarose gel with
ethidium bromide. A 100bp ladder was used to estimate the yields of the amplification.
Amplified samples were then sent to GENEWIZ (South Plainfield, NJ) for post-PCR
clean up and Sanger sequencing. FinchTV 1.5 chromatogram viewer was used to
visualize, trim, and edit the sequence files. The 5’ and 3’ ends were trimmed until the
first ten bases contained less than one base with a Quality Value (QV) score below 25.
Sequence alignment and contig assembly was achieved using BioEdit 7.2 software. The
contig sequences were searched using the Nucleotide BLAST (BLASTn) online database
to identify the origin of species.
BLASTn results provide a list of sequences in the database that are similar to the
sequence in question, or query. Each sequence in the database is given max score, total
score, query coverage, E value, and percent ident values. The hits were reduced to the
first 10 hits only. There were some instances where the first few hits had the same values
(max score, total score, query coverage, E value, and percent ident). These hits cannot be
differentiated from each other. Therefore, a combined approach of using DNA barcoding
and botanical database searches was used to identify the species. The identification of
plant species was confirmed by the New York Botanical Garden (NYBG) (New York
Botanical Garden [NYBG], 2018) and New York Flora Association (NYFA; allowing
plant species to be searched by county) (New York Flora Association [NYFA], 2020)
databases. These databases were used to narrow the list to only plants that are found in
New York City (NYC). In situations when plants were not present in these botanical
databases, morphological analysis was performed to confirm the species. The
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evolutionary phylogenetic analysis (Neighbor-Joining method) of identified species was
performed using MEGA software (Molecular Evolutionary Genetics Analysis).
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Results and Discussion
Quality of DNA Isolated from Disrupted Plant Samples
Multiple plant samples were tested to evaluate the quality of DNA obtained from
this disruption method. Plant samples were disrupted and DNA was extracted (see
Materials and Methods). Species identification using chloroplast DNA analysis was
performed. The rbcL gene is commonly used in plant species identification. Therefore, an
approximately 600bp fragment of the rbcL locus was analyzed in this study. Amplified
fragments at the rbcL locus from all plant samples were further analyzed by Sanger
sequencing. Among the samples collected, 23 fresh plant samples were successfully
sequenced (Table 2.1; Fig. 2.1 – 2.17). No adverse effect on sequencing was observed.
The sequences were then searched in the BLASTn database. The results confirmed the
origin of all the samples (E-Value = 0.0).
To test samples other than fresh plant samples, known plant samples with various
conditions were also included: Astilbe taquetii (wilting leaves, Fig. 2.18), Crocus sativus
(herbarium-press dried sample, Fig. 2.19), Imperata cylindrica (hard stem tissue, Fig.
2.20), and Smilax glauca (dead leaf, Fig. 2.21). However, these samples yielded poor
quality sequencing results. Therefore, these samples were not analyzed further. It is
possible that DNA degradation occurred in these samples. Additionally, it was observed
that the standard tissue disruption method (see Materials and Methods) was not adequate
to break the hard stem tissue of Imperata cylindrica. Vigorous tissue disruption
conditions can be tested in future experiments for hard plant tissues.
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Table 2.1. Summary of the species identification results at the rbcL locus.

The max score is the highest alignment score; the total score is the total alignment score;
the query coverage is the percent of the query covered by alignment to the database
sequence; the E value, or Expect value, is the lowest alignment from the database
sequence; and the percent ident is the highest percent identity of query-subject alignments
(NCBI, 2016).
*Searches revealed multiple closely related candidates within the Allium genus: A.
praemixtum, A. sativum, and A. ursinum.
**Searches revealed multiple closely related candidates within the Chrysanthemum
genus: C. x. morifolium, C. boreale, and C. lucidm.
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Profiles of Plant Samples
Forty percent of NYC is open space, like parks and gardens. There are over 2,000
vascular plant species in this open space (NYBG, 2018). As NYC developed over the
years, the biodiversity of plants and animals were severely affected. Today, there are
groups that work to protect their ecosystems. Plant populations are conserved, managed,
and restored (New York City Department of Parks & Recreation, 2014). The NYBG is
one of those groups. Their report, State of New York City’s Plants 2018, lists plant
species located in the five boroughs of NYC from 1807 to 2018 (NYBG, 2018).
The species in Table 2.2 are either native or introduced. Sixty-seven percent of
NYC plants are native (NYBG, 2018). Native plants occur naturally. They are adapted to
the environmental conditions of the area (New York City Department of Parks &
Recreation, n.d.). Thirty-three percent of NYC plants are introduced (also called alien,
exotic, or non-native plants) (NYBG, 2018) (New York City Department of Parks &
Recreation, n.d.). Global trade and travel can introduce new species. The climate of NYC
is similar to those in eastern Asia and Europe, so new introductions from these areas can
flourish (NYBG, 2018).
Some introduced plants are invasive. Invasive plants can cause harm to people
and the environment. They reproduce aggressively and harm native plants (New York
City Department of Parks & Recreation, 2014) (New York City Department of Parks &
Recreation, n.d.). There are 53 invasive plant species regulated or prohibited in NYC.
New York State (NYS) regulates or prohibits the importation, possession, purchase, sale,
or transport of these plants (NYBG, 2018). Some of the samples in Table 2.2 are invasive
plants and are listed as “Introduced, Regulated” or “Introduced, Prohibited.”
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All of the species in Table 2.2 are vascular plants. Vascular plants have vascular
tissue, which is made up of cells joined into water and nutrient-conducting tubes
(Campbell & Reece, 2002). Vascular plants can be separated into two groups: seedless
plants and seed plants. Seedless plants, or pteridophytes, include plants like ferns
(Campbell & Reece, 2002). Seed plants can be separated into two groups: gymnosperms
and angiosperms. Gymnosperms (Greek for naked seed) do not keep their seeds in
enclosed chambers. There are about 720 species of gymnosperms, which include plants
like conifers. Angiosperms (Greek for container seed) keep their seeds in enclosed
chambers, or ovaries. There are about 250,000 species of angiosperms, or flowering
plants. They make up the majority of plants (Campbell & Reece, 2002). Angiosperms can
be separated into two classes: monocots and dicots. The main difference is the
morphology of their embryo (Burger, 1998). Monocots have a single cotyledon, or seed
leaf, and include plants like grasses. Dicots have two cotyledons, and include plants like
roses and oak (Burger, 1998) (Campbell & Reece, 2002). The majority of samples in
Table 2.2 are dicots. Only one species is a monocot: Poa pratensis.
Vascular plants can also be grouped by their growth habits. The United States
Department of Agriculture (USDA) and NYFA define these groups as graminoid, herb,
shrub, sub-shrub, tree, and vine. Graminoids are grass or grass-like plants. Herbs lack
significant woody tissue above or at ground level. Shrubs are woody plants with multiple
stems. They are usually less than 13 to 16 feet tall. Sub-shrubs are low-growing shrubs.
They are usually less than 1.5 to 3 feet tall. Trees are woody plants with one stem, or
trunk. They are usually more than 13 to 16 feet tall. Vines are climbing plants with long
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stems (U.S. Department of Agriculture [USDA], 2020). Table 2.3 lists the growth habits
of each species identified in this study.
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Table 2.2. Profiles of the plant species identified.

NYS status: The species are either native or introduced. Invasive species are either
regulated or prohibited.
NYC status: The species are either present or pending. Present means the species has
been collected recently. Pending* means the species has not been collected recently.
N/A: Listed for the two samples identified at the genus level and also for three species
that were not present in the botanical database searches.
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Table 2.3. Summary of species growth habits.

Growth habits were checked using the USDA website and confirmed by the NYFA.
There were discrepancies with two samples. The USDA lists Pachysandra terminalis as
an herb and a sub-shrub, but the NYFA only lists it as an herb. Both growth habits are
indicated. In addition, the USDA lists Vinca minor as an herb and a vine, but the NYFA
only lists it as a vine. Both growth habits are indicated.
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Conclusion
The goal of this study was to use the TissueLyser II on plant tissue to isolate DNA
without dry ice or liquid nitrogen. In accomplishing this goal, this study contributes to the
field of forensic science in the same ways as the animal bones: (1) it serves as a modified
extraction protocol and (2) the recovery of DNA appeared to be minimally impacted.
Amplified fragments at the rbcL locus from 23 fresh plant samples were successfully
analyzed by Sanger sequencing. Fig. 2.22 shows the phylogenetic relationship among the
plants tested in this study. It suggests these plants are not closely related, which provides
a snapshot of randomly collected NYC plants.
Over the years, forensic botany research revealed that plant evidence can have
forensic implications. Sometimes, identifying the plant species is enough for a case, like
when identifying one of the invasive plant species regulated or prohibited in NYC. Other
times, an attempt to individualize the plant can be made, like the State of Arizona v.
Bogan and the Palo Verde tree. Plants can test alibis, link individuals to crime scenes,
help determine the manner of death (as an accident, suicide, or homicide), and determine
whether a location is the primary or secondary crime scene (Aquila, Gratteri, Sacco, &
Ricci, 2017) (Margiotta, et al., 2015). This study contributes to the field of forensic
botany by using chloroplast DNA for species identification in plants.
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Fig. 2.22. Evolutionary analysis by Neighbor-Joining method using MEGA.
The phylogenetic relationship among the plants tested in this study. It suggests these
plants are not closely related, which provides a snapshot of randomly collected NYC
plants.
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Future Studies
When used together, the rbcL and matK loci can have a discriminatory efficiency
of 72% (Li, et al., 2015). Therefore, future studies may include an additional DNA
marker at the matK loci. In addition, other databases, like the BOLD database
(International Barcode of Life Consortium, 2020) may be used. Similarly, plant ITS
markers and specific primer sets for taxonomic groups may be used in future studies to
determine plant species.
Kentucky Bluegrass (Poa pratensis), identified in this study, has over 220
varieties that are widely distributed in the northern hemisphere. It is commonly found in
lawns, pastures, and reclamation projects (Stoneberg Holt, Horova, Bures, Janecek, &
Cernoch, 2005). The NYBG has it on their historic lawns (New York Botanical Garden
[NYBG], 2020). Graminoids, like Kentucky Bluegrass, seem more likely to present in a
suspect’s footwear than the other growth habits (herb, shrub, sub-shrub, tree, and vine).
For this reason, future studies may develop specific primer sets for bluegrass and other
graminoids.
Many plants collected in this study were flowering plants. Additional future
studies may include the study of pollen and spores, or palynology. Like plants, pollen can
have forensic implications. Different locations are characterized by different
combinations of pollen. Pollen could test alibis, link individuals to crime scenes, and
determine whether a location is the primary or secondary crime scene. In addition to
“where” a crime was committed, pollen could also attest to “when” a crime was
committed, as different seasons have different combinations of pollen (Margiotta, et al.,
2015).
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Appendix

Fig. 2.1. Norway Maple (Acer platanoides). The sample (twigs) extracted is shown on the
left. The mature plant is shown on the right.
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Fig. 2.2. Hardneck Garlic (Allium sativum). The sample extracted is shown on the left.
The mature plant is shown on the right.
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Fig. 2.3. Artemisia sp. The sample extracted is shown on the left. The mature plant is
shown on the right.

58

Fig. 2.4. Japanese Barberry (Berberis thunbergii). The sample extracted is shown.

59

Fig. 2.5. Chrysanthemum sp. The sample extracted is shown on the left. The mature plant
is shown on the right.

60

Fig. 2.6. Cleavers (Galium aparine). The sample extracted is shown on the left. The
mature plant is shown on the right.
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Fig. 2.7. Halerpestes sarmentosa. The sample extracted is shown on the left. The mature
plant is shown on the right.
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Fig. 2.8. English Ivy (Hedera helix). The sample extracted is shown on the left. The
mature plant is shown on the right.
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Fig. 2.9. Purple Deadnettle (Lamium purpureum). The sample extracted is shown on the
left. The mature plant is shown on the right.
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Fig. 2.10. Japanese Pachysandra (Pachysandra terminalis). The sample extracted is
shown on the left. The mature plant is shown on the right.
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Fig. 2.11. Kentucky Bluegrass (Poa pratensis). The sample extracted is shown on the left.
The mature plant is shown on the right.
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Fig. 2.12. Indian Strawberry (Potentilla indica). The sample extracted is shown on the
left. The mature plant is shown on the right.
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Fig. 2.13. Common pear (Pyrus communis). The sample extracted is shown on the left.
The mature plant is shown on the right.
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Fig. 2.14. Common Dandelion (Taraxacum officinale). The sample extracted is shown on
the left. The mature plant is shown on the right.

69

Fig. 2.15. Field Pennycress (Thlaspi arvense). The sample extracted is shown on the left.
The mature plant is shown on the right.
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Fig. 2.16. Common Periwinkle (Vinca minor). The sample extracted is shown on the left.
The mature plant is shown on the right.
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Fig. 2.17. Some flowering plants.
From top left: Narrow-leaved Bittercress (Cardamine impatiens); Field Chickweed
(Cerastium arvense); Upland White Flat-Topped Goldenrod (Oligoneuron album);
Common Groundsel (Senecio vulgaris); and Spiraea martini. The sample extracted is
shown for all samples.

72

Fig. 2.18. Astilbe taquetii. The samples (wilting leaves) extracted are shown on the left
and middle. The mature plant is shown on the right.
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Fig. 2.19. Crocus sativus. The mature plant (dried using an herbarium-press) is shown.
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Fig. 2.20. Imperata cylindrica. The sample (stem tissue) extracted is shown on the left.
The mature plant is shown on the right.

75

Fig. 2.21. White-leaved greenbrier (Smilax glauca). The sample (dead leaf) extracted is
shown on the left. The mature plant is shown on the right.

